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Summary 
To keep track of the consumed fatigue life of the major airframe components of the 
C-130H(-30) fleet of the Royal Netherlands Air Force (RNLAF), the National Aerospace 
Laboratory NLR has developed an individual aircraft monitoring programme dubbed 
“HOLMES”. This programme is based on the collection of operational data from various 
sources, including a flight data recorder, and the subsequent translation of these data to the 
accrued structural fatigue damage at twelve control points in the airframe. In addition the so-
called severity factor per flight is calculated, which can be used to compute the Equivalent 
Baseline Hours that form the basis for fleet life management. This paper gives an overview of 
HOLMES, its use and its anticipated future developments. 
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Abbreviations 
ANN Artificial Neural Network 
ASIP Aircraft Structural Integrity Program 
BL Butt Line 
CP Control Point 
CW Center Wing 
DBM Data Block Method 
DCP Differential Cabin Pressure 
EBH Equivalent Baseline Hours 
EFH Equivalent Flight Hours 
FDAMS Flight Data Acquisition & Management System 
FDR Flight Data Recorder 
FLDUR Flight Duration 
FLE Fatigue Life Extended 
FLM Fleet Life Management 
FS Fuselage Station 
GAG Ground-Air-Ground cycle 
HELIUM HELIcopter Usage Monitoring database 
Hp Pressure altitude 
HOLMES Hercules Operational Life Monitoring & Evaluation System 
IAS Indicated Air Speed 
IAT Individual aircraft Tracking 
ILM Intelligent Load Monitoring 
IMDS Integrated Maintenance Data System 
ISAF International Security Assistance Force 
IT Information Technology 
KT Stress concentration factor 
L/ESS Loads and Environment Spectrum Survey 
LM Lockheed Martin Aeronautics Company 
NLR National Aerospace Laboratory 
Nz Normal load factor 
OEM Original Equipment Manufacturer 
OLM Operational Loads Monitoring 
OUE Operational Usage Evaluation 
OW Outer Wing 
OWS Outer Wing Station 
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PCMCIA Personal Computer Memory Card International Association 
PVP Peak-Valley-Peak 
RNLAF Royal Netherlands Air Force 
SB Service Bulletin 
SDR Structural Data Recorder 
SF Severity Factor 
SG Strain Gauge 
SMP Structural Maintenance Plan 
SP Special Procedure 
TBD To Be Determined 
TOFW Take-Off Fuel Weight 
TOGW Take-Off Gross Weight 
URF Usage Report Form 
US United States 
USAF United States Air Force 
WS Wing Station 
XML Extensible Mark-up Language 
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1 Introduction 
In general a fleet of military transport aircraft such as the C-130 “Hercules” is used in a much 
different way from that originally anticipated at the time of acquisition. This affects the service 
life and the required maintenance of the airframe and its sub-assemblies like the center wing. 
Out-of-area operations such as those performed under the ISAF flag in Afghanistan, for 
example, severely stress the aircraft and adversely affect the service life of the wing, whereas 
hi-altitude ferry flights without cargo are hardly damaging for the wing at all. Being aware of 
this, the type manager of the C-130H(-30) of the RNLAF has tasked the National Aerospace 
Laboratory NLR in 2001 to develop an individual aircraft tracking system that would yield 
quantitative information with regard to the consumed fatigue life of the major airframe 
components for each aircraft in the fleet. At that time the RNLAF fleet had not been equipped 
with a digital Flight Data Recorder (FDR) yet. A dedicated but simple data acquisition system 
was therefore installed in each aircraft which sampled the altitude, differential cabin pressure, 
airspeed and vertical acceleration. Together with flight administrative data (take-off and landing 
weight, mission type, etc.) from various other sources, the recorded data are stored in a 
dedicated relational database called “HELIUM”. 
 
In parallel, Lockheed Martin (LM) was tasked to develop a set of so-called data blocks that 
quantify fatigue damage key values for a total of twelve critical locations or ‘control points’ of 
the C-130H(-30) airframe, covering the entire operating range of the RNLAF C-130H(-30) 
flight envelope and configurations. These locations were selected by LM, based on structural 
test and service experience. They are the same as those used on the C-130J Structural Health 
Monitoring System and cover the outer wing, center wing, forward, center and aft fuselage. 
NLR has constructed a fatigue life monitoring system called “HOLMES” (Hercules Operational 
Life Monitoring & Evaluation System) around these data blocks, using the measured flight 
profiles as input. Within the RNLAF routine usage monitoring programme this system now 
serves as a high-level fleet life management tool to: 
• keep track of the consumed fatigue life; 
• assess the severity of specific missions and mission types; 
• compute the Equivalent Baseline Hours; 
• evaluate and possibly optimize the usage of the C-130 fleet; 
• assess/anticipate required structural modifications programmes or individual aircraft 
Fatigue Life Extended (FLE) updates; 
• provide the OEM with high-quality data in case of modification programmes; 
• rationalise decisions regarding tail number selection in the case of out-of-area 
deployment, fleet downsizing, etc. 
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HOLMES is operated by the NLR. Routine and ad hoc reports are issued on a regular basis. The 
information from these reports is used by the RNLAF to take informed decisions about fleet life 
management. More information about HOLMES is given in the following sections. Some 
definitions are provided in Appendix A. 
 
2 Programme details 
2.1 Source data 
HOLMES uses measured flight profiles and reported usage data from various sources. They are 
described in the following subsections. 
 
2.1.1 IMDS 
The NLR has direct access to the Integrated Maintenance Data System of the RNLAF. This 
system not only contains all relevant maintenance records for each of the aircraft in the fleet, but 
also all relevant data for each flight that has been performed. For each flight the take-off time 
and date, the take-off and landing fields, the number of intermediate landings, the flight duration 
and the cumulative flight hours are retrieved from IMDS and stored in HELIUM. The data from 
IMDS are considered to be the master data; a flight is only recognized as such if it is present in 
IMDS. In case of conflicting information between data from different sources, the IMDS data 
prevail. 
 
2.1.2 URF 
The Usage Report Form was originally developed by LM. This paper form is filled in by a crew 
member after each flight. It has been in use since day one of RNLAF operational service (i.e. 
1994), though it was modified somewhat in 2001 to better suit the needs of HOLMES. It 
contains data items such as flight duration, mission type, store configuration, flap positions, fuel 
management, cruise speed and altitude, maximum normal acceleration (Nz), maximum 
differential cabin pressure (DCP) and runway type (paved or unpaved). In the pre-HOLMES 
years the URF was the main source of usage information and has, for instance, been used by 
LM in 1997 to adjust a number of structural inspections (SP cards) for the RNLAF. Nowadays 
the URF is mainly used for gap filling, if measured data are missing. The paper forms are 
regularly sent to the NLR where they are digitized and fed into HELIUM. 
 
2.1.3 Load sheet  
The load sheet or ‘Form F’ is filled in by the load master prior to each flight in order to verify 
that the center of gravity remains within the cleared envelope throughout the flight. The sheets 
are sent to NLR on a regular basis. The take-off and landing gross weight plus center of gravity, 
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the take-off fuel weight plus fuel distribution, and the cargo weight are retrieved from this form 
and stored in HELIUM. 
 
2.1.4 FDR 
Initially a simple four-channel Flight Data Recorder was installed in each aircraft of the RNLAF 
C-130H-30 fleet. This system, the Spectrapot-4C from Swiss Aircraft & Systems Enterprise, 
had previously been used in the F-16 loads & usage monitoring programme of the RNLAF, and 
had become redundant after the introduction of a more advanced FDR in the F-16 fleet. It was 
programmed to sample the for the fatigue calculations required parameters DCP, pressure 
altitude (Hp) and indicated airspeed (IAS) once every minute. This sample rate was sufficient to 
generate inputs for the LM Aero-provided fatigue damage analysis method. In addition the 
normal acceleration Nz was sampled with a Peak-Valley-Peak (PVP) method plus a range filter, 
with Hp, DCP and IAS as slaves. The Nz data have been used for the verification of the 
assumptions that form the basis of the LM-provided fatigue damage data blocks. 
An example of a measured flight profile is provided in Figure 1. Note the jumps in the PVP-
values of Nz that are caused by the fairly coarse range filter of 0.2g which had to be applied due 
to the limited memory capacity of the Spectrapot-4C system. 
 
 
 Figure 1 – Example of a measured flight profile that forms the input for the fatigue calculations. 
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Recently, the RNLAF fleet has been upgraded to a digital avionics system (‘glass cockpit’) and 
now features a crash-survivable FDR from Honeywell called “FDAMS” (Flight Data 
Acquisition & Management System) that records these four parameters plus many more. This 
system is easy to read out and, as such, is suitable for routine loads and usage monitoring. The 
Spectrapot-4C is therefore not used anymore. 
 
2.2 Data collection, storage & processing 
Both the measured flight data and reported usage data are routinely collected. The IMDS data 
are downloaded on a monthly basis through a remote access link. Whenever needed the 
frequency of this action is adjusted. The URF forms and load sheets are sent to NLR by mail. 
The measured data are physically transported to the NLR by means of PCMCIA cards. After 
data validation and conversion into engineering units, they are uploaded into HELIUM. Historic 
pre-2001 data (paper forms) have been digitized and are stored in HELIUM as well. 
 
HELIUM is a secure database that has been developed by NLR for the storage of the loads and 
usage data from HOLMES and similar programmes for the helicopter fleets of the RNLAF. It is 
capable of handling data from any type of data source, including flight administrative data, 
maintenance data, raw and processed data from flight data recorders, etc. HELIUM is an XML 
database, with XPath and XQuery access to the stored data. Using XML documents as input for 
the data storage provides many advantages, such as easy converting to and from XML 
documents, a well-defined syntax using XML schemas, excellent support with regard to Java, 
and a human readable format.  
 
After loading into HELIUM, the various data items for a particular flight are automatically 
merged. This means that they are provided with a unique ID that links them to the master IMDS 
record. As mentioned before, a flight is only recognized as such if it is defined inside IMDS. 
Automatic merging of the data is not always possible, however. Sometimes problems occur due 
to wrongly entered airport codes or dates. More difficult issues are caused by the fact that 
sometimes one URF- or load sheet record covers two or more flights inside IMDS. In principle 
an IMDS flight features only one full-stop landing. This is not always the case for the other 
administrative data sources. Problems like this are manually solved on a case-to-case basis. 
 
For the processing and use of the HELIUM data, a dedicated Graphical User Interface named 
“Sustain” has been developed. It is an IT-facility for the military operator with a fully integrated 
toolbox for the analysis of usage, loads and maintenance data in a web-based application of 
acquisition, processing, storage, visualisation and reporting of data. The Sustain tools can also 
be applied on the contents of other databases – see Figure 2. 
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SUSTAIN – reporting, analysis and visualisation
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Figure 2 – Schematic of Sustain. 
 
An important functionality of Sustain is the synthesis of missing data. This so-called gap filling 
is needed if measured flight data or reported usage data from the load sheets or URFs is not 
available, e.g. due to malfunctioning of the obsolete Spectrapot FDR, load sheets that go 
missing in the case of out-of-area operations, etc. Moreover, an FDR was not present during the 
first eight years of service.  
 
For this purpose an extensive regression analysis has been performed to develop a matrix of 
correlation coefficients (each row representing the correlation function for a particular control 
point) that provides the relation between the set of reported usage parameters (from IMDS, URF 
and load sheet) and the accrued fatigue damage in the twelve control points that are used for 
airframe monitoring. In principle the correlation functions have been derived by means of linear 
regression, but non-linear effects have been included by adding non-linear combinations of 
usage data in the argument list of the correlation functions.  
 
The resulting functions yield reasonable to good results, as can be appreciated from Figure 3, 
which shows the results for a control point in the center wing (left) and fuselage (right). 
 
  
NLR-TP-2012-415 
  
 11 
 
Control Point CW-11 Control Point AF-10
Actual damage Actual damage
Pr
ed
ic
te
d 
da
m
ag
e
R2 = 0.83 R2 = 0.98
 
Figure 3 – Correlation between the actual fatigue damage per flight (as computed from the 
measured flight profiles) and the predicted damage (as computed from the  
reported usage data with a correlation function) for two control points. 
 
If usage data such as take-off gross weight or fuel weight are missing, they are estimated from 
the flight duration and number of landings in IMDS by means of a separate regression – see for 
instance Figure 4. It is noted that, per definition, the IMDS data are always available (otherwise 
there is no flight). 
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Figure 4 – Correlation between the take-off fuel weight (TOFW) and the flight duration. The red 
squares represent the fit that is used in HOLMES; the purple squares represent a rule of 
thumb used by the RNLAF to determine the minimum TOFW required for a flight. 
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2.3 Fatigue damage calculation 
The data blocks upon which HOLMES has been built essentially constitute a data base of 
fatigue damage values for a number of flight events (ascent, cruise, approach, etc.), ground 
events (taxi, roll-out, take-off, etc.) and Ground-Air-Ground (GAG) cycles for a range of 
conditions (altitude, velocity) and aircraft/cargo weights that encompass the entire range of 
operational capabilities. These fatigue damage values have been specified by LM. The 
underlying stress spectra are based on extensive L/ESS measurements that have been performed 
in the past by LM and the USAF to develop the so-called world-wide baseline spectrum. The 
underlying KT factors for each of the twelve control points have been estimated from the full-
scale fatigue test data. The damage values for a complete flight are added together to obtain the 
total damage according to a linear fatigue damage algorithm. A 50% probability crack would be 
anticipated if the sum of the accumulated damage is equal to 1. 
 
The twelve control points that are considered in HOLMES are listed in Appendix B. The from 
structural fatigue perspective most critical control point, the center wing lower surface rainbow 
fitting (CW-11), is shown in Figure 5. 
 
 
Figure 5 – Control point CW-11, the center wing lower surface rainbow fitting [1]. 
 
For each of the control points, LM Aero has not only specified the damage rates per data block, 
but also the baseline damage rate, to enable comparison with the design fatigue life 
consumption. By dividing the actually accrued fatigue damage in a flight by the design fatigue 
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life consumption (i.e. the accrued fatigue damage as if the flight had been in accordance with 
the average flight of the USAF world-wide baseline spectrum) the so-called flight severity 
factor SF is obtained. Multiplication of the actual flight hours by the SF yields the equivalent 
baseline hours (EBH) or equivalent flight hours (EFH) for a particular control point. The EBH 
for the entire aircraft is usually based on the SF for a control point in the center wing. 
 
2.4 Typical programme results 
All operational flights that have been performed with the RNLAF C-130H(-30) fleet have been 
loaded in the HELIUM database and for each flight and each control point the SF has been 
calculated. Figure 6 summarizes the results for two aircraft and two control points.  
 
 
 
Figure 6 – Average severity factor per year for control points CW-11 and FF-1. 
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The higher SF values for control point CW-11 in the earlier years are caused by initial pilot 
training, with many low level flights and intermediate landings. The higher SF values for this 
control point in the period 2003-2010 are related to the out-of-area operations in Afghanistan.  
 
From above two figures it is clear that the SFs for the various control points are not necessarily 
correlated. The control points in the center wing are primarily affected by low level flights at 
higher speeds and higher aircraft weights, whereas the points in the fuselage are primarily 
affected by the DCP (i.e. high altitude flights and air drops). 
 
The C-130H(-30) type manager of the RNLAF uses the average SF for control point CW-11 
over the total operational life of the individual aircraft in the fleet to compute the EBH of the 
center wing. The maintenance intervals and the planned modification or replacement (still TBD) 
date are a function of the EBH. 
 
Another demonstrated benefit of HOLMES is the use of the collected loads/usage data in 
HELIUM as input to the required Initial Usage Assessment as per Service Bulletin 82-788 [3]. 
This SB was issued by LM in March 2005, following the discovery of fatigue cracking in wing 
primary structure of some aging aircraft. It was meant as a precursor to a full-blown Operational 
Usage Evaluation (OUE). The availability of the full set of loads/usage data enabled a very 
quick and accurate analysis that was based on hi-fidelity data rather than on engineering 
judgement. 
 
HOLMES has also been applied to develop the baseline usage spectrum and maintenance plan 
for the two recently acquired ex-US Navy C-130H aircraft. This spectrum has been used by LM 
for the development of the maintenance plan (SMP 515-C). The fatigue damage calculation 
method of HOLMES has been used to verify the consistency between the provided schematized 
flight profiles and the underlying measured profiles. The new SMP has therefore been based on 
hi-quality data. 
 
3 Outlook 
In its current form, HOLMES has a number of drawbacks and limitations: 
• The damage rate data that form the basis of HOLMES only cover a relatively limited 
number of control points. 
• The damage rate data that form the basis of HOLMES are based on an average NZ 
spectrum for each of the included flight segments. They cannot be used to analyse the 
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effects of different take-off or approach procedures, different fuel management 
procedures, etc., nor do they cover the effects of heavy airdrops on the life of the wing. 
• The prescribed inspection intervals for the various fatigue critical structural items in the 
airframe are usually based on the safe period in which an assumed crack (e.g a rogue 
flaw, a maintenance induced dent, accidental damage, etc.) of in-service detectable size 
(depending on the selected inspection method for the pertinent structural item) grows to 
its critical size that leads to failure or functional impairment of the structural item in 
question. In principle, HOLMES cannot be used to optimize these ASIP inspection 
intervals. This is because the underlying fatigue analysis method uses S-N data and a 
Miner-type fatigue life approach rather than a non-linear method for fatigue crack 
growth prediction. Because fatigue initiation and crack propagation scale differently, a 
different set of damage rates would be needed to adjust  the structural integrity 
inspection program. The current method should therefore be regarded as a tool to 
determine the economic life for individual aircraft in the fleet, rather than a tool for 
maintenance planning. 
 
To overcome these limitations, it is necessary to collect a sufficiently large set of flight data 
(incl. Nz and aircraft configuration data) and strain data at a number of airframe locations that 
can be used to independently develop a set of damage rates that is based on fatigue crack 
growth. Considering the significant cost of the currently used set of data blocks, it is believed 
that an independently collected set of data is a cost-effective way to obtain such a data set when 
shared between two or more operators. Moreover, it provides a flexibility and a growth potential 
that will turn out to be invaluable for any fleet life management programme. One option in this 
respect is the development of so-called virtual strain gauges, in which the measured strain at a 
particular point in the airframe is correlated to the flight and engine parameters that are 
routinely collected with from the digital databus. This can be done by means of an artificial 
neural network (ANN) or by a deterministic regression technique – see for instance [2]. Once 
such a correlation has been established for all possible conditions in the flight and ground 
envelope of the aircraft, the gauge that has been used to measure the strains at this particular 
location is no longer needed. 
 
In combination with the HELIUM database, virtual strain gauges are the key to the rational 
management of the life of any structural component of any aircraft in the inventory of an 
operator. Based on this technique, a new fleet life management (FLM) concept has been 
developed called the “Stethoscope Method”, which to a large extent is already operational for 
the CH-47D helicopter fleet of the RNLAF [2]. This method is outlined in Figure 7. It involves 
the fleet wide collection and storage of all relevant flight, engine and control parameters that are 
  
NLR-TP-2012-415 
  
 16 
 
available from the digital data bus, plus the simultaneous collection of loads data in one or more 
dedicated OLM aircraft. For this purpose all aircraft in the fleet need to be equipped with a 
digital FDR (for the C-130H of the RNLAF this is the FDAMS system of Honeywell). The 
OLM aircraft1 will need an additional structural data recorder (SDR, for instance the ACRA 
KAM-500 unit that is used in the Chinook of the RNLAF) or, alternatively, an additional FDR 
loads monitoring functionality. 
 
The loads data from the SDR in the OLM aircraft can be used to continually train and improve 
the ANN-based virtual strain gauge models. By moving the strain gauges in the OLM aircraft 
around on a regular basis, models will be obtained for more and more points in the airframe that 
are relevant from a fatigue point of view. In combination with appropriate material data and 
damage models this will allow the establishment of the safe life consumed so far and the 
assessment of the severity of in-service developed fatigue cracks for each critical point. In this 
respect it is essential to start collecting the digital bus data from the very first moment that an 
aircraft is commissioned into service. For the virtual strain gauge models this is less crucial; 
when developed at a later stage these models can use the historic bus data that are stored in a 
database (for the RNLAF this is HELIUM) to ‘roll back’ to day one. 
 
 
Figure 7 – The Stethoscope Method for Fleet Life Management. 
 
                                                     
1 It is noted that the OLM aircraft  are part of the operational fleet; no dedicated test flights are needed apart from 
those needed to commission the SDR. 
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4 Conclusion 
HOLMES is a well-established programme that is used in support of the sustainment of the 
C-130H(-30) fleet of the RNLAF. The recently installed digital flight data recorders enable the 
development of virtual strain gauges for loads monitoring, which will take away the current 
limitations of the program. By application of the so-called stethoscope method this can be done 
in a cost-effective and affordable way. The storage of the FDR data on a day-to-day basis will 
allow detailed analyses that are beyond the scope of traditional loads & usage monitoring 
programmes.  
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Appendix A – Definitions 
Life 
management 
 
Process which is applied by an air fleet operator to monitor and control the 
structural service life and integrity of its fleet, with the objective to rationalize 
the operational costs and availability while maintaining an adequate level of 
safety. To this end, an IAT program is generally instituted to collect the 
required information through usage monitoring and, possibly, loads 
monitoring. The collected information can be used to adjust scheduled 
maintenance intervals and/or component retirement times, plan operational 
usage, assess the need for structural modifications, calculate the remaining 
service life, etc. 
Loads 
monitoring 
 
Process that aims to keep track of the actual airframe loading history by 
measuring and recording the service loads on the whole fleet or a sample of 
the fleet in terms of stresses and/or accelerations; the measured loads may 
be complemented with other flight parameters such as airspeed, altitude, 
bank angle, etc., to enable correlation of the measured loads to flight regimes 
and/or manoeuvres. 
Usage 
monitoring 
 
Administrative process which aims to keep track of the actual aircraft usage 
history in terms of the accumulated number of flights and flight hours, 
landings, fuselage pressure cycles, etc. The required data can be obtained 
from the maintenance information system (IMDS), pilot debriefing forms 
(URF), load sheets or other sources. 
Individual 
Aircraft 
Tracking  
(IAT) 
Process that serves to monitor the operational airframe loads and/or usage of 
all aircraft in a fleet, on an individual basis. The objective is to establish the 
difference between the usage and/or loads experience of each of the 
individual aircraft and the projected usage and/or loads experience which 
formed the input for the definition of the SMP. The results of an IAT program 
can, amongst others, be used to optimize the maintenance program on tail 
number level. In special cases IAT can also be performed by monitoring a 
representative sample of the fleet and extrapolating the results to the rest of 
the fleet. 
Loads and 
Environment 
Spectrum 
Survey 
(L/ESS) 
Program which aims to collect the set of data that is required in the definition 
and/or update of the SMP of a particular aircraft type. For a new design this 
is generally done by extrapolating the data from a similar type of operational 
aircraft. In case the SMP of an already operational aircraft type is updated, 
the required information is generally derived from a measurement program 
on a representative sample of the fleet. Typical outputs of a L/ESS program 
are the Nz-exceedance curves as a function of flight regime, the typical flight 
profiles (V,H vs. t) for predefined mission types and aircraft configurations, 
the characteristic mission mixture, etc.  
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Appendix B – Control Points 
The following control points are used in HOLMES to track the fatigue damage that is accrued in 
the airframe of the C-130H(-30). These locations were selected by LM, based on structural test 
and service experience. They are the same as those used on the C-130J Structural Health 
Monitoring System and cover the outer wing, center wing, forward, center and aft fuselage: 
 
Location 
ID 
Control Point 
ID 
Component 
Station 
Location Description Material 
specification 
1 CW-1 WS 61.6 Center Wing Lower Surface Panel No. 3 
@ Rear Beam 
7075-T7351 
2 CW-5C WS 185.5 Center Wing Lower Surface Span wise 
Splice 
7075-T7351 
3 CW-23 WS 190.8 Center Wing Upper Surface Panel No. 2 
@ Dry Bay Access Door 
7075-T73511 
4 CW-11 WS 214 Center Wing Lower Surface Rainbow 
Fitting 
7075-T6 
5 OW-54B OWS 91 Outer Wing Lower Surface Rear Beam 
Cap @ Pylon Fitting 
7075-T73511 
6 OW-35 OWS 162 Outer Wing Engine Nacelle Truss Upper 
Aft Attachment Lug 
7075-T736 
7 OW-7A OWS 54 Outer Wing Lower Surface Typical Rib 
Cap to Panel Riser Attachment 
7075-T7351 
8 FF-1 FS 93 Windshield Doubler @ Post 3 and Upper 
Window Sill 
2024-T42 
9 CF-5 FS 617 Center Fuselage BL 61 Upper Longeron 
Splice Angle 
7075-T6 
10 AF-10 FS 858 Aft Fuselage Overhead Gusset Splice 
(Butterfly) Fitting 
7075-T6 
11 OW-4 OWS 35 Outer Wing Lower Surface Panel @ 
Termination of King Pin Riser Fitting 
7075-T73511 
12 CF-3 FS 737 BL20 Center Fuselage Upper Longeron 
Splice Fitting 
7175-T736 
 
